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(54) Deformablatube 

(57) A deformans tube has a walwtichc^ 

a number of axial, toroidal or hefccal tubute which are at 

least pertly deformed in response to deformation of the 



tube n radial andAx axial directions. 
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Description 

BafijgBUDd of the invemioo 

[0001] The invention relates to a detormable tube. 
[0002] II te known from US patent specifications Nos. 
3,353,599 and 5.014,779 to insert a comjpaled tube 
into the weBbore of an underground borehole and to 
expand the tube downhole into a tubular shape. 
[0003] US patent specification No. 5.366,012 die- 
doses the expansion of a slotted pipe of which the state 
open up as a result of the expansion so as to reduce the 
radial forces needed to expand the pipe. 
[0004] The use of slotted or WtieJy corruyrted pepes 
has the cisadvantage fiat the expanded pipes have a 
limftad mechanical strength. 
[0005] totarmttortalpatamappice^ 
WO 964)0626 ol&ctoses the expansion of an wdotted 
cyindricalp^bymeansofanexp 
(0006] AcSsaovarrtage of the latter expansion method 
is tot forces to expand the pipe are relatively Np* and 
that the pipe contracts as a result of Ihe expansion proc- 
ess. 

[0007] It is an object of the present irr/ention to allevi- 
ate the dsadvantages of the known techniques and to 
provide a robust and dsformable tube which can be 
expanded or otherwise deformed by using a relatively 
low deformation force. 

Sunmarv of the Inversion 

[0008] The deformebie tube according to the Invention 
thereto comprises a waJ which is at least party farmed 
by a number of tubules, wherein at least one tubuleisat 
least party deformed in response to deformation of the 
tube. 

[0009] Theo*forrrtttionrr^irwoto 
change of the tubular shape of the tubules, which 
requires principally bending forces which are signifi- 
cantly lower than the tension forces that are required to 
expand s tubular cytindhcal pipe. 
[001 01 It may be required to obtain a tube which can 
be deformed easily in an axial or in a radial direction or 
in both directions. A ratSafty detormefcte tube is useful if 
the tube is for example to be used as en oi anoVorgas 
production tubing which Is to be Inserted Into a retatlvery 
narrow and kregutarty shaped urtoerground welbore. 
An axiairy detormaWe tube is useful H the tubeisapro- 
ductfon iner or tubing, a wefl casing or other well tubutar 
which is Installed In a contacting reservoir where there 
teansktrfbucfcingcrfmewel 
compaction process, 

[0011] H a racially detormeble tube is required M Is pre- 
ferred that the aoll of the txfce is at least partly formed 
by a series of axial tubules which each extend 
bon substantially parallel to a tongitudlneJ axis of the 
tube such thai upon a racial deformation of the tube the 
axial tubules are at least party deformed. 



[0012] H an axiairy defbrrnabie tube is required it is 
preferred toalthewallofthetubeisatleast partly 
formed by a series of toroclaJ tubules which extend in a 
substantially draia^ 
5 of the tube such that upon axial deformation erf to tube 
the toroidal tubutes are at least party flattened or other- 
wise deformed. 

[0013] If a tube is required which is both axiairy and 
radially detormabie. rt is preferred that the wal of toe 

to tube fe at least party formed by one or more helical 
tubules which extend in a substantia^ helical direction 
with respect to a tongitucinaJ axis of the ai» such that 
upon deformation of the tobe in a dfrecbon wrtfch is ori- 
ented at an angle relative to a longHuclna) direction of 

is each of tie helical tubules, at least one of to hefical 
tubules is deformed. 

[0014] The tubutos may be made of a metal Plastic, 
rubber or other material and may be welded, brazed, 
bonded or otherwise secured to acjacent tubules or 

20 other parts of the wall of the tube. 

[0015] The tubules may before expansion have a 
folded, cyfindncal. efipbcal or prismatk: snape and may 
as a reait of tho expansxDn be urrtold9d or flattened into 
an effipbeal, cyfindncal or prismatic shape. 

25 [0016] Suitably, the tubules contain at the outer 
periphery of the tube openings or weak spots which 
open up as a result of the deformation process such that 
one or more fluids are squeezed from the interior of the 
tubules into the space surrounding the tube. 

jo [001 7] In that case the fluids that are squeezed from 
the rrterkx of the tubules may contain one or more 
chemfoals, such as a chemical treatment fluid or com- 
ponents of a liquid cement slurry or uxrixnerit s of a 
curing agent which components are only mixed when 

3S or after toy hava been squeezed out of the tubules. 

[0018] The invention will be described in more detail 
40 and by way of example with reference to the accompa- 
nying drawings, in which 

Fig. 1 1s a cross-axial sectional view of a tube both 
before and after expansion, which tube has a war! 
43 that is made of a series of axial tubules which are 
cyfincVfcal before expansion and eliptical after 
expansion; 

Rg. 2 is a cross-axial sectional vkaur of a tube both 
before and after expansion, which tube has a wall 
bo that comprises a series of sorted tubules which are 
prismatic before expansion and elliptical after 
expansion; 

Fig. 3 tea cross-axial sectional view of a tube both 
before and after expansion, which tube has a wall 
ss thai is made of a series of axial tubules which are 
effipbeal both before and after expansion; 
Rg. 4 Is a cross-axial sectional view of a tube 
before expansion where tho wall of the tube com- 
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prises a series of axial tubules and the lube is 
lotted into a substantially flat shape before It is 
unfolded and expanded; 

F«> 5 is a longrturjnal sectional view of a tube 
which comprises a wal that is made of a series of 
toroidal tubules; 

Rq. 6 Is an enlarged detal showing the cyi ndrical 
shape of three of the toroidal tubules that are encir- 
cled in Rg. 5; 

Rg. 7 Is a longitudinal sectional view of the tube of 
Rg. 5 after axial compression of the tube; 
Rg. 6 is an enlarged detal showing the elliptical 
shape of three of the toroidal tubules that are encir- 
cled in Rg. 7; 

Rg. 9 is a cross-axial sectoral view of a radially 
expandable tube cornphsing six axial or heficaJ 
tubules both before and after expansion of the tube; 
Rg. 10 Is a otwHUoa) sectional vfew of an unex- 
panded tube of which the wal cornpns as a series of 
tokted tubules which untold into a cvfirxIricaJ shape 
during the process of expanding the tube; 
Rg. 11 is a cross-axial sectional view of another 
trwxpanded tube configuration where the wall com- 
prises a series of folded tubes which unfold into a 
cylindrical shape during the process of expanding 
the tube; and 

Rg. 12 is a cross-axial sectional view of an unex- 

pandedti*>ewhicnfc*teo 

process and which cornprfees a tubule which acts 

as a plastic hinge and which is flattened asaresutt 

of the expansion process. 

QeJaflfld desqir ttinn pj m« irwention 



[0019] Referring nowtoRg. 1 there is shown a tube 1 
in a cyindrical wafcore or other cavity 2, which tube 1 
has a wal that is made up of a aeries of axU tubules 3 

which are substantially cylindrical before expansion of 
the tube 1 and elliptical after expansion of the tube 1 to 
an enlarged cSameter, as illustrated by reference 
numeral 3B. 

10020] The tube 1 can be expanded by an expansion 
mandrel (not shown) or by Increasing the hydraulic 
preBSue«thelriw4c^th«b^1.Asaresultofthe 
expansion process the tubules 3 are subject to a bend- 
ing process so that reiafivory low forces are required. 
(0021] rf the tubules 3 are made of steel or another 
metal toen I is preferred fiat the tubules 3 are sintered, 
welded or brazed together atong the length of the areas 
5 where the tubules 3 touch each other. 
(0022] If the tubules 3 have an impermeable wal and 
the tube 1 is used ternporariry in the cavity 2. tor exam- 
pie to provide a ternporary seal, then the tube 1 can be 
radially contracted again by pumping a high pressure 
fluid into the interiors 6 of the tubules 3. which wfl 
induce the flattened tubules 3B to resume their tubular 
shape, so that Ihe tube 1 radial shrinks and can be eas- 
ily removed from the cavity 2. 



(0023] If the tube 1 is to be used permanently in the 
cavfty Z tor example rf th e tube 1 is to be used as a well 
casing, then at least some of toe tubules 3 may belled 
with liquid cornponents of a cement slurry or other cur- 

5 rig agent, such as a silicone gel and tie outer wall of 
toese tubules may contain openings 7. or weak spots 
which are opened as a result of the expansion process, 
via which said liquid components are squeezed Into the 
surrounrJng annUar space 8 surrouncSng the expanded 

f0 tube 1 and tht liquid components mix up and cure to a 
hardened cement, siicone or other cured sealing com- 
position. 

(0024) Fig. 2 iustrates an aftematve embodiment of 
the delbrmabJe tube according to the Invention. This 
ia tube 9 is also radially detorrnabJe and comprises a 
series of tubules 1 0 which are prismatic before expan- 
stonand efflpacal after expansion, as ■ustratad by refer- 
ence numeral 10B. 

(0025] The tubules 10 are arranged substantially per- 
tc *HltothelongrtijtfnaJaxi*11 al toe centre of the tube 
9. The tubules 10 are made of steel or another metal 
and are comectod to each other by tonp/tudinal welded, 
brazed or sintered bonds 11. 
(0026] Fig. 3 shows yet another entooolment of the 
25 detorrnabJe tube according to the invention. In which the 
tube 12 is radially ctoformable and cornprises a series of 
tubules 13 which are elliptical before and which hava an 
elliptical, almost flattened shape after radial expansion 
of the tube 12. 

so (0027) In this sfrtxxSrnent the tubules 13 deform from 
a f rst eBfrfcal shape, illustrated by reference numeral 
13A In which the largest width of toe elliptical tubules 
13A has a racial orientation into a second eifipucal 
shape, iBustrated by refarsncarttimeral13B to which the 
as largest widtorf the eWrjl^ 
thri orientation. 

(0028] Referring now to Rg. 4 there is shown a 
deformable tube 14 which comprises a series of axial 
tubules 15. wherein two pairs of tubules at opposite 
40 sides of the tube 14 are interconnected by plastic 
hinges 16. These plastic hinges 16 alow the tubaHto 
be stored and transported in a flattened shape e g. 
around a reeling drum (not shown). 
[6029] When toe tube 14 is than unreeled from Ihe 
45 reeling drum it can be brought into a cyindrical shape 
by a guide funnel (not shown). H the lube 14 Is to be 
used Inside a wol or Inside another tubutar the cytndrl- 
caltube His then reeled into the weflbore or toe interior 
of toe other tobUar and expanded tor exan^ebypurnp- 
so ir* a high pressure fluid into tr«i^^ 



14. 

(0030] The inrtiaJry flattened tube configuration shown 
in Fig. 4 allows an easy storage and transport of the 
tube 14, ag. on a small diameter reeling drum, during 
55 the manufacturing stage and during transport from the 
rw^utacturingsitetothe site where the tube His to be 
used. 

(0031) Figures 5, 6, 7 and 8 show yet another embod- 
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iment of the deformaHe tube acconJng to the invention 
in which the tubules 16A B hm a toroidal shape in 
order to mate the ate 19 axiaJry detorrnable. 
(0032] Th8tube19«hwniinFHj.5canbeaproAJC- 
tion liner in a cornpecting oil or gas bearirig formation, 
whers as shown in detail In Fig. 6 the toroidal tubules 
18Araveasubtfantiaflycy1l^^ 
uration shown in 7 the tube 19 has axiajty con- 
tracted so that Its length is 18% shorter than its original 
length shown in Fig. 5. 

[0033] As i resiit of tw axial contraction of the tlx* 
1 9 the tubules 1 88 shown in fig. 7 have been detormed 
into en eipticai shape, as is shown in more detail in Rg. 

8. 

[0034] Referring now to Rg. 9 there is shown a lube 
20w^«soqxOTC^witr^swe te >ore21 or other cav- 
ity 

[0035] The tube 20 has a wall that cornprtees six 
tubules 23. 24. 25, 26, 27 and 28 which extend in an 
axial or helical configuration relative to the longitudinal 
axis 29 of the t£e 20. 

[0036] Adjacent tubules 23. 24. 25, 26, 27 and 28 are 
interconnected along ttieir length by elongate welds 32. 
Plastic h*ges 22 are located in the watts of the tubules 
23-28 at both sides of each weid 32. 
[0037] Tbe unexpanded tube 20 is shown at the cen- 
tre of the orswing. The six unexpended tubules 23-28 
each have the form of a pie sector and only arrtnorgap 
80 Is present between adjacent tubules 23-28. To 
expand the tube 20 s pressurized fluid is pumped into 
the gaps 30 which wil induce the tube 20 to expand until 
the wafis of the tubules 23-28 are stretched and/or the 
outer walls of the tubules 23B-28B are pressed against 
thewettoore2l. 

[00381 The volume*«eient tube configured shown 
in Fig. 9 Is attractive I the tube 20 Is to be Inserted Into 
the wefeore 21 via a narrow excess, such as a small 
diameter production tubing. Furthermore the internal 
volume of the unexpended tubules 23-28 is relatively 
large whereas the internal volume of the expanded 
tubules 23B-2BB is relatively small so that H the wafts at 
the outer circumference of tie tubules 23-28 are perfo- 
rated or become during expansion otherwise fluid per- 
meable a relatively large volume of fluids is squeezed 
from the interior of the tubuks 23-28 into the surround- 
ing annufu* andtor formation. 
[0039] fo this way areietrveiy large vdu™ 
agent and/or treatment fkad can be injected into the 
annulus sufrounolng the tube 20 ancVbr the formation 
31 surrounding the wesoore 21 . 
[0040] The externally r^meaJbie tube 20 te very suit- 
able to inject reatment fluids into an underground for- 
mation 31 which comprises along the length of the 
weftxxe 21 layers of varying permeability. M the outer 
wats of the tubules 23-28 have a sigrilicantry tower fWd 
perrneabflity than the surrounding formation 27. then, 
as soon as the outer wan of the tubules 22B-26B is 
pressed against the weilbore 21. a relatively constant 



flux of treatment fluid wil be squeezed into the various 
eurrcuncSng torrnalion layers so that *e re* <rf injectai 
of treatment fluid mainly into the permeable tomrsrfon 
Lay*** and by-passing of Iocs pormoabie layers te mini- 
s rrized. 

[0041] Kthe tube 20 to used as a treatment fluid Injec- 
tion tool then the outer watts of the tubules 23-28 may 
be made of a permeable rubber and/or a fabric and the 
inner waits of the tubules 23-28 which face the interior 
w 30 of the tube 30 may be made of en inpermeaWe rub- 
ber. After Injection of *» treatment fluids the pressure in 
tie interior 30 of the tube 20 may be reduced so that the 
lube 20 radially contracts and can be removed from the 



is [0042] Instead of alowing the tobe 20 to contra after 
fluids have been injected into the formation the tube 20 
may be aflowed to harden in the expended position 
against the weflbore 21 by fciixegnatlng the fabric or 
other material with a slowly curing epc^ or other p4astic 

jo cc<Tpcsit>on, so that the soTrffied tube 20 then serves 
as a wen liner. 

[Q043] The ti>e 20 and the tube cenfgurations shown 
in Figs. 1-4may also have walls that are madeofasieve 
material. In that case the tube may be expanded by an 
23 expansion cone or by a balloon that is inflated in the 
interior of the tube. 

[0044] Since the sieve material that then forms the 
walls of tubules Is mainly bent and not or hardly 
stretched the sieve opening size will remain fairly con- 
M start during the expansion process. The expanded tfce 
of sieve material then serves as a titer that prevents 
sand and other solid materials to enter the wettoore 21. 
[0045] The rarfuly expandable tube 20 and theother 
racially expandable tube configurations shown in figs. 

of a fluid impermeable material, such as steel which 
onJydatarrm If the rjressure intheir*effor30dtolube 
exceeds a pre-set level, fri that case the tube may be 
instated as a production tubing which serves as a 

40 dowrixjl e bfow-out preventer which expands and seals 
of the annulus surrounding the production sAing if a 
blow-out occurs. The raolafty expandable tube configu- 
ration shown In Fig. 9 can also be used as a dril string. 
In tr^ caseenffing rrwd is pumped through the interior 

45 of the tubules 23A-28A during ©Ming. At the end of a 
drtifing cycle high pressure fluid Is Injected Into tie Irte- 
rior 30 of the tube 20 so ttiat the tube 20 te expanded 
against the borehole well 21 and forms a Ining of the 
weflbore and the driH bH and cfownriole rrwtor asssmcfy 

so is puled to the surface by a wireline or colled tubing 
passtig through the interior 30 of the tube 20 and also 
serves as an expansion cone. 
[0046] N only minor expansion of the tube is requred 
then the wall of the tube may be provkled with onry one 

68 or a few axial or hefical tubules. 

[0047] If the wats of tm tube 20 or the other redaJry 
expandable configurations are made of a rubber or 
other elastically d dor matte material then the expanded 
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tube may serve as a high expansion packer or bridge 
Plug. 

[0048] h win be understood that if the tubules are ori- 
ented in an axial (fraction a racially deformable tube wl 
be obtained. 0 the tubules are oriented In a circumferen- 
tial (fraction as shown in Figs. 5-8 then an axiatty 
deformable tube wiR be obtained. 
[0049) H the tubules are oriented in a helical direction 
the tube wilt be deformable both in axial and racial 
directions and the pitch angle of the hefical configura- 
tion of the Ubufes wH then infbence the degree in 
which the tube is axialty or radially detormaWa 
[0050] Fig. 10 shows a conftguration where a tube 40 
comprises a wall thai consists of a series of axial tolda- 
bteUxies41. 

[0091] If the tubules 41 are made of steel then they 
are Werconnectad side by side along their length by 
axial welds 42. Each tutxie 41 comprises at tie outer 
circ umf e re n c e of the aJbe 40 a single plastic hinge 43 
and at the inner tircumference of the tube 40 a set of 
four plastic Nnges 44, 45. 46 and 47. Each of these 
plastic Nnges 43-47 is formed by machining an axial 
groove In the inner and/or outer surface of the wall of the 
tubule 41. 

10062] The sat of tour plastic hinges 44-47 defines a 
wan* segment where toe tubules 41 can be folded 
inwardly to form a U- or delta-shaped recess 48 that 
faces the Interior 49 of the tube 40. 
[0053] The tube 40 is expanded by purnping a pressu- 
rized fluid into the interiors 50 of the tubules 41 which 
causes the tubules to untold by twiging about the plastic 
Nnges 43-47 so that the tubules 41 each obtain a cylin- 
drical chape (not shown). 

[0054] A«ar»suttdtounto^oftotiix**41 the 
tube 40 obtains a larger external and internal ciameter. 
[0055] Fig. 11 shows another tube 51 which com- 
prises a wall that consists of a series of axial foWatie 

tubules 52. 

[0066] If the tubules 52 are made of steel then they 
are interconnected side by side along their length by 
axial welds 53. Each tubule 52 comprises both at the 
outer and the inner circumference of the tube 5 1 a set of 
four plastic hinges 54 that are formed by machining 
axial grooves in the inner anoVor outer surface of the 
waft each tubule 52. 

[0057] Each set of tour plastic hinges 54 defines a wal 
segment where the tubules 52 can be folded Inwardryto 
form a U- or delta-shaped recess 55 that faces either 
the exterior 56 or the interior 57 of to tube 51 . 
10068] The tube 51 te expanded by pumping a pressu- 
rized 1luid into the irtenors 58 of the tubules 51 which 
causes the tubules 52 to unfold by hinging about the 
plastic hinges 54 so that the tubules each obtain a cylin- 
drical shape (riot shown). 

[0069] As a result of the unfolding of the tubules to 
tube 51 obtains a larger external and internal diameter. 
[0060] Tig. 12 shows a foidabie tube GO which com- 
prises at its lower side a single plastic hinge that is 



formed by an axial tubule 61 and at its upper side a set 
of four plastic Nnges 62 that are formed by nwchWng 
axial grooves in the outer or Inner surface of the waO of 
to tube 60. 

5 [0061] The tour plastic hinges 62 deline a delta- 
shaped recess 68 at the upper side of the tube 60. when 
to tube Is In Its folded shape. 
[0062] The tube 60 is unfolded by pumping a pressu- 
rized fluid into to interior 64 of the tube 60. This causes 

io to tube to unfold in the direction of the arrows into the 
cylindrical shape which is illustrated by the broken Ines 
60 A. The tubule 61 then acts as a plastic Nnge and 
obtains as a result of the unfolding of to tube 60 to 
eliptical shape which is illustrated by broken fnes 61 A. 

is [0063] Thetubuteei is rnacto of a plasty? deform- 
able material, such as a tormabie Nghrefrength tow- 
aftoy or dual phase steel grade, wNch also provides 
ftottxfty to to tube 61 In drcurnferentiaJ drecson dur- 
ing to untokfng procedure. After to unfotfng proce- 

30 dure a curing agent may be pumped into to irrtenor 65 
of to effipttcaJ tubule 61A to reinforce to tubule 61 A. 
The interior 65 of the tubule 61 may comprise electrical 
and/or hydrauBc conduits for transmission of electric 
and/or hydraulic power and/or signals along to length 

25 ofthetube. 

[0064] The ernbodiments of to deformable tube 
shown in to drawings provide a tube which can be 
deformed easily and which can be reeled on a reefing 
drum. The tube can be unreeled from to drum and 

*> injected into an underground borehole or other cavity in 
which the tube is to be used. The tube is subsequently 
deformed toide to borerwle or otor cavfty by cha^ 
tog to tubular Ghape of one or more tubules in to wail 
of the tuba. The deformation may involve flattening. 

si wwrjrxjc/ctordeformatkxioftot^^ 

Claims 

1. A deformable tube having a wall which is at least 
40 partly formed by a number of tubules, wherein at 

least one tubule is at least party deformed in 
response to deformation of to tube. 

2. The deformable tube of claim 1 , wherein the wal of 
45 to tube is at least party formed by a series ofaxiaJ 

tubules which each extend In a direction subotarv 
falry parallel to a longftudmal axis of to tube such 
tot upon a radial deformation of to tobe to axial 
tubules are at least party deformed. 

so 

3. The deformable tube of daiml, wherein the wal of 
to tube is at least party formed by a series of toroi- 
dal tubules which extend in a substantia^ circular 
direction around a longitiJdinal axis d to ito such 

55 that upon axial deformation of the tube to toroidal 
tubules are at least party deformed. 

4. The deformable tube of daiml, wherein the wal of 
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the tUw is at least partly formed by one a more 
heBcsJ tubules which extend in a substantially Mi- 
cal direction with respect to ■ IwicjtudinaJ a»s of 
me tube SUCfi mat upon delbrrnattoo of tf>e tube In a 
direction which is oriented at an angle relative to a 5 
tongfoxfnaJ olredion of each of the hettcaJ tubules, 
at least one of the heftcal tubules te at toast partty 
deformed. 

5. The deformable tube of daiml. wherein the waflof 10 
the tube is at leas* parity formed by a number of 
substantially parallel tubules which are arranged 
side by side and are connected to each other. 

6. The deformable lube of daim 5. wherein the u 
tubules are made of metal and the sides of a pair of 
adjacent tubules substantially touch each other and 
are sintered, welded spot welo^ brazed, bonded. 

or otherwise secured to each other. 

so 

7. The deformable tube of daim 6\ wherein the 
tubules are made of a plastic or eiastomeric mate- 
rial or a fabric and the sides of acfacent tubules 
substantial touch each other and are bonded to 
each other. 25 

a The deformable tube of daim 1, wherein before 
deformation of the tube the tubules have a substan- 
tJafy cylindrical shape and deform into a substan- 
ferity eftsrica) or flattened shape in response to x> 
deformation of the tube. 

9- The cfctarmable tube of daim 1. wherein before 
deformation of the tube the tubules haveasubstan- 
tiaiy prismatic shape and deform into a substan- * 
tiafy flattened shape In response to deformation of 
the tube. 

10. The deformable tube of daim 1. wherein the 
tubules contain at the outer periphery of the tube 40 
openings or weak spots which open up as a result 

of the deformation process such that one or more 
fluids are squeezed from the interior of the tubules 
into tie space surrounding the tube. 

45 

11. Trwdetarmable tube of daim 10. wherein the fluids 
that are squeezed from the Interior of the tubules 
contain one or more chemicals, such as compo- 
nents of a liquid cement slurry, eomponei * of a 
curing agent or a chemical freatment tUd so 
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Fig. 10. 
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